The strong connection between undernutrition and gut microbiota (GM) has enabled microbiota-1 8
targeting to become an evolving strategy, which witnessed urgent need for fortified formula of 1 9
supplementary food in undernutrition therapy. Using undernourished pigs as models, we 2 0 investigated how corn-and millet-based nutritional supplement acted differently in modulating 2 1 microbiota. Undernourished pigs at age of 9 weeks were fed with pure maize diet (Maize), corn- were detected in MSB+ fed piglets in contrast with CSB+. Lachnospira.spp was significantly 2 8 raised after nutritional intervention, indicating high correlation with the undernutrition-associated 2 9
phenotype. Thus, especially from the GM aspect, millet could be one promising source to help 3 0 undernourished children reconstruct balanced microbiota in short therapeutic term. The heart, liver, kidneys, spleen and lungs were removed from the pigs and weighed immediately acid-Shiff (AB-PAS), the ability of goblet cells to secrete mucus was evaluated by measuring the 1 1 4 area of acidic mucin, neutral mucin and mucous layer and quantificating the relative areas of 1 1 5 acidic mucin and neutral mucin to the total area of mucous layer. for derivatization. Then, the samples were cooled and transferred for GC-MS analyses. MiSeq (Illumina, CA USA) paired-end 300bp amplicon analysis using primer: 341_F: 5'- All continuous data (except microbiome data) was analyzed in R (version 3.6.0) with respective Zeros in SCFAs data were replaced by the lowest value in all the samples. Data were shown as 1 6 3 mean ± SD and mean ± SEM accordingly. Adjusted P values below 0.05 were regarded as 1 6 4 statistically different. For microbiome analysis, the raw sequencing reads were merged and trimmed, which followed was rarified to adequate sample depth (47000 count) for alpha and beta diversity calculation procedure. a pre-set cut-off (mean relative abundance > 0.1% and appearance in more than 30% samples).
Zeros were regarded as NA. Pearson correlation analysis implemented in Rhea was conducted 1 9 1 between relative abundance of genera and the phenotype data after centered log-ratio data Phenotype data analysis and SCFA quantification with GC-MS still remained low level of body weight and CR length, most were presenting severe wasted, 2 0 0 underweighted and stunted (P < 0.01, Supplementary Table. 1). However, the malnutrition index The pathological severity were evaluated according to histological characteristics of epithelial change was defined as shown in Table 3 ). In the maize group, 7 of 8 piglets showed pathological 2 1 8 changes in the colon, and of which 5 presents mild, 1 was moderate and 1 was severe. However, were calculated to determine the ecosystem difference of diversity and evenness ( Figure. 2A ). Unweighted and weighted Unifrac distance were calculated to find that huge difference existed 2 4 5 between the low-weight pigs and normal ones ( Figure 2B and 2C ). We conducted pairwise when giving weights to bacterial abundance (Adjusted P > 0.30, Figure. 2C ). What's more, 2 4 9 different plant-based feeding led to a varied microbial abundance at phylum level (Figure. 2D ). Bacteriodetes, but the ratio in between didn't show a distinct different among the four groups 2 5 5
( Figure. 2E ). Pearson's correlation analysis between phenotype and gut microbiota 2 5 8
Rarefied zOTU table was collapsed at genus level with 103 annotated and 58 unambiguously 2 5 9
identified to upper levels. Campylobacter, Prevotella, Flexispira and Helicobacter were the 2 6 0 dominant genera in those immature pigs, taking up more than half of the microbial community. feeding. What's more, these two genera were highly correlated with malnutrition-associated 2 7 4 phenotype with a significant adjusted P < 0.05 ( Figure. 3C ). Not only did microbial structure shift differently, the functional gene enriched pattern also drifted 16s copies and 6332 KOs were predicted with the minimum frequency of 32711943. All the KOs 2 8 0 were rarefied to 32000000 to calculated the binary Jaccard and Bray Curtis distance metrics. [40]. In this study, either millet-based or corn-based supplement didn't make malnourished pigs 1beta and IL-6 in CSB+ and MSB+ also indicated that nutritional intervention could adjusted the 3 1 4
unbalanced immune system of the undernourished. Undernutrition was usually supposed to be 3 1 5
followed by leaky gut and weaken immunity owing to insufficient food intake. However, we 3 1 6 hardly observed any difference on pathological change between different groups, since even 3 1 7
well-fed piglets also presented mild and moderate pathological changes. Moreover, both 3 1 8
thickness of mucosa and density of goblet cells were only associated with the "size" of the 3 1 9
piglets rather than the nutritional status. These data might be unsurprisingly explained why 3 2 0 nutritional supplement from CSB+ and MSB+ seemingly invoked the weak immune system of 3 2 1 malnourished pigs and adjusted the immune bias, which is also one important aspect in 3 2 2 undernutrition therapy. Despite the physiological and immune assessment, gut microbiota has been listed as one 3 2 6
important area in practical malnutrition intervention [12, 41] . In the study, CSB+ and MSB+ both 3 2 7 significantly improved the diversity of microbiota while the evenness of ecosystem was also 3 2 8 restored after MSB+ intervention. Compared with CSB+, MSB+ had more diverse and evenly-3 2 9
distributed commensal microbiome, that is to say, a steadier system. Moreover, MSB+ had more 3 3 0 well-fed like microbial structure with higher level of Bacteriodetes and Firmicutes rather than Veillonell, Faecalibacterium and Rothia in their first 3 months were discovered to have higher 3 5 0 risk for asthma and tend to receive more antibiotics than healthier children before they turned 1 3 5 1
year old [44] . These missing beneficial bacteria explained the weaken immunity of in their Along with microbial structure, MSB+ pigs also showed a similar metabolic pattern relative to to complete necessary metabolism and biosynthesis, which nurtures the host to some extent. More and more researches indicated host' nutrition source not only comes from food intake from has been regarded as important roles in nutrient uptake and drug resistance, but increasing demand of bacteria together with a relatively monotonous biological structure, which might be a 3 7 6 microbiota-disorder like phenomenon with some overgrown potentially pathogenetic bacteria. To avoid the variation caused by the diet composition difference, we tried to minimize the 3 7 9
difference between MSB+ and CSB+. However, the natural property of millet still increased the potentially beneficial effects of a high-fiber rapeseed diet. PLoS One 13, e0209439 (2018).
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